Minimally subcultured clinical isolates of virulent nephritogenic and nonnephritogenic Streptococcus pyogenes of the same serotype showed major differences in lipoteichoic acid (LTA) production, secretion, and structure. These were related to changes in coccal adherence to and destruction of growing human skin cell monolayers in vitro. A possible relationship between cellular LTA content and group A streptococcal surface hydrophobicity was also investigated. Nephritogenic S. pyogenes M18 produced twice as much total (i.e., cellular and secretory) LTA as did the virulent, serologically identical, but nonnephritogenic isolate. Also, the LTAs from these organisms differed markedly. The polyglycerol phosphate chain of LTA from the nephritogenic isolate was longer (1.6 times) than was that from the nonnephritogenic isolate. Likewise, both LTAs indicated the presence of alanine and the absence of glucose. Amino sugars were found in LTA from only nephritogenic S. pyogenes. Teichoic acid, as a cellular component or secretory product, was not detected. The adherence of two different nephritogenic group A streptococcal serotypes (M18 and M2) exceeded that of the serologically identical but nonnephritogenic isolates (by about five times), indicating a correlation between virulent strains causing acute glomerulonephritis and adherence to human skin cell monolayers. Likewise, LTA from nephritogenic S. pyogenes M18 was more cytotoxic (1.5 times) than was that from the nonnephritogenic isolate for human skin cells, as determined by protein release. This difference was not perceptible by the more sensitive dye exclusion method (i.e., requiring less LTA), which emphasizes changes in host cell morphology and death. Also, the secretion of LTA by only virulent nephritogenic S. pyogenes M18 was exacerbated by penicillin (a maximum of four times). Finally, while the adherence of nephritogenic S. pyogenes M18 decreased markedly after continued subculturing in vitro, the surface hydrophobicity did not.
A dramatic decline in the prevalence of serious infections caused by group A streptococci (GAS) has occurred during this century. However, streptococcal infections of surprising severity have now begun to reappear. For example, recent outbreaks of acute rheumatic fever among children and military recruits have been recorded (3, 4, 38, 39) . In a regional outbreak within the United States, patients with severe GAS infections had soft tissue infections, shock, renal impairment, and acute respiratory distress syndrome. In addition, a mortality rate of 30% was noted. The strains of Streptococcus pyogenes isolated were not of a single serotype. In addition, most produced pyrogenic exotoxin A, a toxin not commonly observed in the recent past (35) . Severe GAS outbreaks were also recently reported in Great Britain (9) . These were related to changes in other GAS virulence factors. In at least one of these outbreaks, host factors did not appear to explain the increased severity of these streptococcal infections (35) . A current consensus is that this resurgence is associated with the emergence of more virulent organisms.
A prerequisite for successful bacterial infection in vivo is adherence to a susceptible host cell. Considerable data have now accumulated indicating that the adherence mechanism within the pathogenic GAS involves lipoteichoic acid (LTA) (2, 6, 26, 41) . LTA is a cellular component as well as a secretory product of S. pyogenes. In addition to being amphipathic and amphoteric, LTA is highly cytotoxic for a variety of growing eucaryotic cell monolayers and for glomeruli in tissue cultures (6, 15, 36) . Deacylation of LTA abolishes its cytotoxicity. Likewise, treatment of host cells with LTA or intact cells of S. pyogenes with anti-LTA serum negates coccal adherence.
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Pyrogenic exotoxin A has begun to reappear in certain virulent GAS (35) . This toxin has several biological properties in common with streptococcal LTA. These include cytotoxicity, mitogenicity, and immunosuppression. LTA also induces the Shwartzman reaction. Therefore, the maladies indicated above and associated with the resurgent virulence of certain GAS may be due to an additive effect of pyrogenic exotoxin A and other secretions, including LTA. Given the variety of toxins produced by S. pyogenes, this effect is more than just a probability.
Studies with fresh isolates of virulent and nonvirulent group B streptococci (GBS) from symptomatic and asymptomatic individuals have already revealed significant differences in the structure and production of their LTAs (22, 23) . Also, adherence, like virulence, is a transitory property of only virulent GBS (20) . Such information is not available for fresh isolates of S. pyogenes. Changes which enhance the potential role of LTA in disease are of prime importance for our understanding of the current resurgence of GAS virulence, and in this regard toxemia may be an important factor. This study compares the adherence and cytotoxicity of clinical isolates of virulent nephritogenic and nonnephritogenic GAS with differences in their LTA production, structure, and secretion. MATERIALS . From the time of patient isolation until use in these studies, none of these isolates was transferred more than 10 times. Frozen stock inocula of each isolate were prepared, stored, and treated before use exactly as detailed previously (20) . When necessary, each experiment was initiated from an original stock inoculum.
LTA was isolated from intact M18AGN and M18NAGN cells by the cold phenol method and purified as detailed previously (10) . Its high purity was similar to those of previous LTA preparations from S. pyogenes and S. agalactiae (e.g., 0.35% protein, no nucleic acids) (10 received at passage number 6 and were used in experiments at passages 9 to 12. These cells were propagated in minimal essential medium (MEM) containing 20% (vol/vol) heatinactivated fetal bovine serum (MEM-20), 2 mM L-glUtamine, 0.1 mM nonessential amino acids, 100 U of penicillin per ml, and 100 ,ug of streptomycin per ml. Mouse fibroblasts were grown in the same medium but with 10% (vol/vol) serum and without the nonessential amino acids added. The final pH of all media was 7.2. Media and reagents were from GIBCO Laboratories, Grand Island, N.Y. Both cell lines were grown in flat, 75-cm2, 250-ml plastic bottles (Corning Works, Corning, N.Y.) at 37°C in at atmosphere of CO2 (5%) and air (95%). Viable cell counts were determined with erythrosine B and a hemacytometer.
Streptococcal adherence. This assay was conducted as detailed previously except that 104 human skin cells in 1 ml of MEM-20 were seeded into glass Leighton tubes (10, 20) .
Also, 1 ml of a mid-logarithmic-phase suspension of approximately 2.5 x 108 CFU of each S. pyogenes isolate per ml was prepared and used as described before (20) . The distinct advantages of this assay have been detailed previously (10, 20 1, 156 Ci/mmol; 10 mCi/ml of H20; ICN Biomedicals Inc., Irvine, Calif.; stored as 1-ml aliquots of 1 mCi/ml of H20 at -80°C and further diluted with MEM-20 to a concentration of 2.6 ,uCi/ml before use). After each monolayer was labeled for 24 h, the medium was removed and each monolayer was washed twice with PBS. Next, 0.5 ml of fresh MEM-0 (i.e., without serum) and 0.5 ml of MEM-0 with various concentrations of LTA adjusted to pH 7.2 with HCO3 were added. Medium without serum was necessary to prevent overgrowth and to maintain subconfluency. Normal skin cell morphology could not be maintained without serum for more than 24 h. All solutions of LTA were prepared prior to use; the concentrations tested ranged from 1 to 200 ,ug per well. After 24 h of incubation with LTA, monolayers in all wells were washed twice with PBS and digested with 0.1 ml of 1 N NaOH for 30 min at 37°C. The digests and the well washings (twice with 0.5 ml of PBS) were combined, transferred to scintillation vials (10 ml of Bray cocktail), and counted in an LKB 1209 Rackbeta liquid scintillation counter. Percent cytotoxicity was calculated as described before (15) .
Cytotoxicity was also determined by measuring the decline in viability in the multiple-well plates described above. Seeded human skin or mouse fibroblast cells (104 per well) were incubated for 48 and 24 h, respectively, and then refed with MEM-0 containing various concentrations of LTA as described above. After 24 h in the presence of LTA, viability was assessed as follows. Medium was removed, each monolayer was washed twice with PBS, and 0. Secretion of LTA and TA. Direct and indirect passive hemagglutination assays (PHA) were performed essentially as described previously with purified LTA from S. pyogenes M18AGN serving as the standard (21, 26) . In brief, the sensitizing activity of LTA in the medium was measured by direct PHA with sheep erythrocytes, whereas indirect PHA assessed the antigenic activity of secreted LTA and teichoic acid (TA). Differences between antigenic and sensitizing activities were taken as the amount of TA present in the medium. For these studies, the anti-LTA serum used previously was used again. This antiserum had been prepared in rabbits with purified LTA from S. agalactiae (10) . It crossreacted with LTA from this pathogenic group B type III coccus and a nephritogenic type 12 S. pyogenes to the same extent (titer, 1:256) in PHA with rabbit erythrocytes.
Secretion of glycerol-labeled LTA with and without penicillin was also determined. First, S. pyogenes M18 isolates were grown overnight in THB (30 ml) containing 10 ,uCi of [3H]glycerol per ml (specific activity, 500 mCi/mmol; Amersham Corp., Arlington Heights, Ill.). Cultures were centrifuged (4,340 x g, 10 min), washed three times with 10 ml of PBS, suspended in fresh THB (30 ml), and divided into 3-ml portions. These portions, with or without penicillin (for concentrations, see Fig. 6 ) were incubated at 37°C for 3 h. Aliquots of each were centrifuged, the supernatants were inactivated at 56°C for 30 min, and 0.5 ml of each supernatant was counted as described above for assessment of glycerol secretion. Next, aliquots (100 pul) of each supernatant were mixed with 100 ,ul of sheep erythrocytes (108/ml) and incubated at 37°C for 3 h with occasional mixing in Beckman Microfuge tubes. The binding of LTA to sheep erythrocytes was stopped by centrifugation in a Beckman Microfuge B for 2.5 min. Erythrocytes were washed twice with 100 ,ul of PBS, the washes were added to the supernatants, and each was counted as described before. Finally, remaining sheep erythrocytes were lysed with distilled water (100 ,ul), and the lysed cells were transferred to scintillation vials. Also, all Microfuge tubes were washed with 1 N NaOH (100 pu1), and the washes were added to erythrocyte preparations. All erythrocyte-NaOH mixtures were allowed to digest by incubation for 15 LTA structure. Chain length determinations (i.e., total phosphorus/organic phosphorus) of each purified LTA were done by alkaline phosphatase digestion as described before (33) . The composition of each LTA was established after acid hydrolysis (1 mg of LTA and 0.5 ml of 2 N HCl in a sealed tube at 100°C for 3 h) by descending paper chromatography (n-butanol-pyridine-water, 90:60:45 [vol/vol/vol]). Amino acids and amino sugars were detected by dipping in ninhydrin. Glycerol and sugars were also visualized with ammoniacal AgNO3. One microgram of each standard (alanine, glycerol, glucose, glucosamine, and N-acetyl-D-glucosamine) was easily discernible by this procedure (10, 33, 34) . Estimation of the phosphorus/amino sugar ratio of LTA was achieved by visual comparison of chromatograms with incremental increases in the standard (glucosamine) and the hydrolysate (1 to 100 and 5 to 100 ,ug per spot, respectively) and by phosphorus equivalency calculations (see Table 1 virulent neonatal clinical isolates of S. agalactiae type III served as controls for adherence specificity, while avirulent M2 was the NAGN control. Since there were no significant differences in adherence within the different coccal groups examined (P c 0.05), data for each group were combined and are presented as averages (Fig. 1) . A mean of 48% of the human skin cell population after 24 h of growth was capable of binding S. pyogenes M18AGN and M2AGN (Fig. 1A) . Their virulent and avirulent NAGN counterparts and the virulent GBS adhered to not more than 20% of this same cell population. Figure 1B shows the actual CFU (i.e., chains) of each of these coccal groups adhering to 100 human skin cells. Again, the AGN isolates far exceeded the NAGN controls in binding to these host cells. Of note was the almost complete lack of adherence by the virulent GBS controls. Finally, stationary-phase cells of the AGN GAS adhered to the same extent as did mid-logarithmic-phase cells of the NAGN GAS (Fig. 1) . Figure 2 quantitates a typical distribution difference in adherence between the M18AGN and M18NAGN isolates by only that segment of the human skin cell population binding these GAS (approximately 55 and 15%, respectively; see also Fig. 1A ). For example, the CFU bound per host cell ranged from 1 to 22. While approximately 10% of the adherent skin cell population was able to bind the maximum number of AGN coccal chains (17 to 22 CFU per cell), none bound the NAGN isolate to this extent. Finally, the AGN isolate was also more uniformly distributed among the adherent host cell population than was the NAGN isolate. human skin cells. Figure 3 shows the loss of adherence (CFU per 100 host cells and percentage of host cells with cocci) with successive transfers of the S. pyogenes M18AGN clinical isolate at its mid-logarithmic phase of growth. The number of transfers indicated does not include those few required after patient isolation and preparation for storage (see Materials and Methods). Adherence remained nearly constant for approximately 15 consecutive transfers in THB before declining abruptly. After 20 daily transfers, adherence had decreased to almost that of the M18NAGN clinical isolate. The adherence of the NAGN isolate remained low and unchanged over this same time period (see also Fig. 1) .
Cytotoxicity of LTA for human skin cell and mouse fibroblast monolayers. Two methods were used to assess the effects of exposure to LTA from S. pyogenes M18AGN and M18NAGN for 24 h on primary human skin cell monolayers. Figure 4A compares the cytotoxicities of LTA from these two coccal sources by measurement of the release of labeled protein from prelabeled host cells. Since the mechanism of cell death during exposure to LTA is not known, percent toxicity probably includes cell death (detachment) and cell leakage of labeled protein at only the lower concentrations of LTA tested. As indicated above, the chain lengths of the LTAs from both M18 isolates differed considerably. On an equal-weight basis, LTA from the AGN isolate was significantly more cytotoxic than was that from the NAGN isolate, even though approximately 0.5 as many molecules of the former were used (based on the probable molecular weight difference). This difference is indicated by the equal amounts of each LTA required for maximal cytotoxicity (50 ,ug per well) but the significant difference in the ultimate levels of toxicity realized (i.e., 90 and 60% for AGN and NAGN LTAs, respectively, at the higher concentrations of LTA tested). The results of the paired Student t test for the LTA cytotoxicities of these two coccal isolates revealed a significant difference (P s 0.001). Figure 4B shows the death of human skin monolayers caused by LTA as measured by dye exclusion. There was no difference in cytotoxicity between the LTAs from the two clinical isolates, with both exhibiting maximal toxicity at 5 ,ug/ml. However, considerably less LTA was required for maximum cell death in this method than as judged by the release of labeled protein (Fig. 4A) . Greater than 90% destruction of the cells occurred, with those still attached being without cytoplasm, staining intensely, and being incapable of recovery after LTA removal by washing and refeeding.
Past studies in this laboratory were done with mouse fibroblast cells for assessing death caused by coccal LTA. To compare current with past findings, we tested LTAs from the M18AGN and M18NAGN isolates and that from an earlier nephritogenic laboratory strain of S. pyogenes (type 12) with established mouse fibroblast monolayers (Fig. 5) by the dye exclusion method. Contrary to the results obtained with primary human skin cells (Fig. 4B ), differences in cytotoxicity (i.e., cell death) in the dye exclusion method were observed for the LTAs from the M18AGN and M18NAGN isolates. For example, at the 50% lethal dose, LTA from the AGN isolate was 33 to 50% more cytotoxic than was that from the NAGN isolate of the same serotype. Finally, the same degree of cytotoxicity for these mouse cells was only observed for LTA from the laboratory strain of S. pyogenes (type 12) and LTA from the M18NAGN clinical isolate (Fig. 5) .
Enhancement of secretion of LTA by penicillin in S. pyogenes M18AGN and M18NAGN. Measurement of the enhancement by penicillin of LTA secretion was done with intact cells labeled with glycerol. The total labeled glycerol components secreted by each of the organisms was estimated first, followed by that portion of this milieu also capable of binding to sheep erythrocytes (e.g., labeled LTA, lipids, etc.). Final assessment of only the LTA present was achieved by direct PHA. There was no significant difference in the secretion of the total labeled glycerol components by the two clinical isolates until the highest concentration of penicillin (10 ,ug/ml) was reached (Fig. 6A ). However, a major change was evident in the content of secreted material (e.g., labeled LTA, lipids, etc.) able to bind to sheep erythrocytes (Fig. 6B) . This was clearly evident from the onset and continued over the range of concentrations of penicillin tested, reaching a peak at 10 ,ug of penicillin per ml of medium. At Table 1 and Fig. 6C ). Similar diff magnitude or amount of LTA secreted by the in the presence and absence of these con penicillin did not occur.
Differences in hydrophobicity between clinic; pyogenes M18. Figure 7 shows the hydrophobicity in xylene of intact, mid-logarithmic-phase cells of the virulent AGN and NAGN isolates. After six subtransfers, the hydrophobicity of the AGN coccus was greater than was that of the NAGN coccus (approximately double). However, after 26 subtransfers, this difference in hydrophobicity increased considerably (approximately fourfold). Also, whereas the hydrophobicity of the AGN isolate did not change with subtransferring, that of the NAGN isolate declined more than twofold. Finally, identical results were observed when 1'5 * 2'0 stationary-phase cells of each isolate were compared. Similarly aged cultures of E. coli, a negative control, were not i/mi) hydrophobic. It should be mentioned that these GAS isolates were encapsulated (India ink capsule procedure) and retogenes M18 for mained so even after being washed and suspended in PUM This is the first comparison showing the significantly greater production of LTA by a virulent AGN GAS than by its virulent and serologically identical but NAGN counterpart. LTA is known to be involved in the adherence of GAS eased by both to human host cells. It is also cytotoxic for host cells. This Id by only the dual involvement of LTA plus its increased production and )ncentration of secretion by select pathogenic GAS may be contributing nicillin per ml, factors in necrotizing fascitis, the most common soft tissue secreted by the infection in the recent resurgence of certain GAS infections ; P c 0.05). Of (35) . ecreted by the LTA is capable of an array of biological activities. It larger in the stimulates bone resorption (13) and DNA synthesis in lymncentration of phocytes (31) , suppresses immune responses (19) , inhibits ml of medium; complement activity (30) , induces nephritis (40) and arthritis erences in the (25) , and causes the release of lysosomal enzymes from NAGN isolate macrophages (12) . It induces the Shwartzman reaction. centrations of Biochemically, nephritogenic GAS LTA causes the formation and accumulation of defective (i.e., partially hydroxyal isolates of S.
proline-free) collagen in mouse fibroblast monolayers in vitro (15, 16) . Basement membrane thickening, fusion of epithelial foot processes, etc. also occur in the mouse kidney after repeated injections of native LTA from nephritogenic S. pyogenes (17) . Likewise, GAS LTA is believed to regulate diverse functions of mammalian cells by phosphorylating the tyrosine residues of certain proteins (8) . Therefore, profuse production and secretion of LTA can only potentiate the pathogenesis of coccal disease. Glucose was found to be a structural component of the hydrophilic and hydrophobic portions of LTA of S. pyogenes type 12 (33, 34) . Also, an earlier study reported an amino sugar as the only hexose in glycerol TA from type 3 GAS (18 drate) was also cytotoxic, albeit to a lesser degree (see below). Also, in an earlier study, S. pyogenes type 12 LTA with a minimal carbohydrate content was highly cytotoxic for a variety of human and animal cells in vitro (27) . Nevertheless, these findings imply that the carbohydrate composition within the hydrophilic portion of the LTA of the GAS is not uniform. It has also been shown that the hydrophilic chain length of LTA can profoundly affect its biological activity (7) . Thus, the significantly longer chain length of LTA from the AGN isolate may be one of several factors instrumental in its increased cytotoxicity. Similar differences in length between LTAs from virulent (30 to 35 glycerol phosphate units) and avirulent (10 to 12 glycerol phosphate units) human isolates of S. agalactiae type III have been documented (24) . A phosphoglucolipid was established as the hydrophobic component of the LTA of S. pyogenes type 12 (33) . However, the compositional differences between the virulent GAS M18 isolates indicate that the complex lipid of the LTA from S. pyogenes need not be a phosphoglucolipid.
The differences in the adherence of different serotypes of virulent AGN and NAGN GAS to growing human skin cells were striking. This limited study indicated a correlation between virulent strains causing AGN and adherence to human skin cells. The lack of a similar affinity of the NAGN strains may be due to differences in LTA production and/or exposure (or availability) on the surface of the organism. In turn, it may be related to the structural and compositional differences already mentioned between the GAS M18 isolates. Clearly, although major differences have now been documented in the LTAs from these virulent GAS isolates, a more detailed chemical and structural characterization, especially of the hydrophobic portion, is still needed. Finally, the results of treatment of host cells with coccal LTA or cocci exposed to anti-LTA serum proved that LTA is still involved in the adherence of fresh clinical isolates of AGN GAS to human cells in vitro.
Only a certain population within the randomly growing human skin cell monolayer was capable of binding AGN (10, 20) .
Continuing to transfer an AGN GAS isolate in vitro led to a sudden and almost complete loss of adherence. These data resembled those obtained with the virulent GBS (20) . Like virulence, adherence is a transitory property of pathogenic GAS which needs to be preserved if comparative studies of virulent isolates are to be meaningful. Fortunately, adherence of the AGN coccus in vitro remained fairly constant for a period of time before declining rapidly. Thus, a true assessment of this characteristic is still possible after primary isolation and multiple but not indefinite transfer in vitro.
The cytotoxicity of LTA in vitro was established in 1978 (6) . Some earlier evidence, however, had suggested that LTA might also be mobile in vivo. An affinity of LTA for kidney tissue was shown by inducing nephrocalcinosis in rabbits after injection of GAS LTA. LTA migration (and affinity) was demonstrated by labeled antibody (40) . A recent study with mice injected by different routes with purified coccal LTA tended to confirm this ability to migrate (17) . Even earlier, in 1969, streptococcal membrane constituents (and presumably LTA) in the glomeruli of human patients with acute poststreptococcal glomerulonephritis were detected with fluorescent antibody (37) . LTA is now known to function as a carrier for streptolysin S. Also, serum albumin binds LTA reversibly and in a specific way and is believed to be a carrier of this amphiphile (32) . Therefore, secreted LTA is probably also involved in coccal pathogenesis. Direct contact of membranous and secreted LTA with the host cell surface occurs during and after coccal adherence. Thus, direct transfer of LTA to a host cell during adherence seems likely. Under these conditions, the time required for cytotoxic effects to begin would be less than that following secretion and transportation of LTA to a distant susceptible organ (e.g., the kidneys). Thus, secretion and transportation, plus the direct transfer of LTA to a host cell during adherence, can enhance the destructive effects of this amphiphile in vivo.
It has been proposed that coccal LTA in a micellar state may be necessary for disruption of the erythrocyte membrane and for destruction of eucaryotic cells in vitro. Critical micelle concentrations of LTAs from several bacteria were calculated to be 25 to 60 ,ug/ml in PBS (5). The amount of LTA (32 ,ug/ml) normally secreted by the M18AGN GAS isolate (and increased with penicillin; Fig. 6 ) is within this range. However, arguing against a critical micellar concentration is the fact that appreciably smaller quantities of LTA (8 to 15 ,ug/ml) also caused extensive human cell damage in vitro (see Results).
It was established that the GAS secrete LTA and deacylated LTA and that penicillin stimulates this process (1, 11, 14) . Also, coccal adherence to host cells is decreased with the loss of LTA. This release of LTA (and lipids) by penicillin is believed to be an "active process rather than a correlate of viability loss, since streptococci tolerant to penicillin also exhibit penicillin-induced release of cell surface components" (11) . The present data not only confirm the enhanced secretion of LTA by penicillin but illustrate that the increase is most pronounced in only the M18AGN GAS isolate. Finally, while others observed the secretion of deacylated LTA by GAS, we did not detect this product by serological means in the medium of the virulent M18 clinical isolates in the presence or absence of penicillin. Apparently not all GAS secrete deacylated LTA.
The dramatic differences obtained with the two methods for quantitating LTA cytotoxicity suggest that host cell death (by dye exclusion) occurs before the release of cellular protein with smaller quantities of LTA, which may result from the inhibition of a select enzyme activity (16) . Higher concentrations of LTA lead to cell protein leakage after cell death. Thus, a dual cytotoxic effect of LTA which entails a physical perturbation of the host cell membrane is postulated. The differences also suggest that different host cells have different sensitivities to LTA. These findings agree with previous results showing greater changes in cell morphology than in protein release with lower concentrations of LTA. Thus, while bacteria release little or no protein after penicillin treatment, eucaryotic cells lose more protein as the concentration of LTA increases.
Hydrophobicity studies with other streptococci showed that slowly growing cells were more hydrophobic than were rapidly growing cells (28) and that bacterial hydrophobicity can be markedly affected by the medium. Since it is generally agreed that a number of mechanisms particularly related to surface characteristics (surface charge, hydrogen bonding, ligands, and hydrophobic bonding) play a role in bacterial adherence, the cell surface hydrophobicities of these coccal clinical isolates were compared. Contrary to previous findings, the more rapidly growing AGN isolate was more hydrophobic than was the slowly growing S. pyogenes M18NAGN in the same medium. Since the AGN coccus contained more membranous LTA and adhered better to human skin cells, suggesting a greater exposure of its surface LTA, these hydrophobicity results were expected. However, unexpected was the lack of change in the hydrophobicity with a loss in the adherence of the AGN isolate after continued daily subtransfers. Apparently, the cell surface hydrophobicity of the AGN isolate is not a determining factor in its adherence to growing human skin cell monolayers in vitro. Nevertheless, the difference in the hydrophobicity of virulent M18AGN and M18NAGN GAS is not due to the presence or absence of a capsule.
These collective studies illustrate important biological and biochemical differences between AGN and NAGN clinical isolates of GAS. Also, for the AGN coccus they reveal a change in a parameter directly related to pathogenesis shortly after primary isolation. Such an alteration must be considered for comparative studies in vitro to be meaningfully related to differences in GAS pathogenesis in vivo.
